. The predictive factors for CKD between OPN and LPN were statistically assessed among various known clinicopathological factors associated with renal function in PN with a significance of two-sided P value <0.05. Results: During a median follow-up of 42 months, the recurrence rate was 0.7% (n = 1), and the rate of postoperative CKD was 11.6% (n = 17). Significant differences in CKD-free survival were observed among patients with atheroembolic risks 5-7, 3-4 and 1-2 (P = 0.027). Regarding the predictive factors for the postoperative development of CKD between OPN and LPN, a predisposing atheroembolic risk ≥3 was significant among other clinicopathological factors in multivariate analysis (hazard ratio, 3.007, P = 0.031). Conclusion: Patients with T1-staged RCC with ≥3 predisposing atheroembolic risk factors have a significantly higher risk of developing CKD after PN. Patients who underwent LPN had a lesser incidence of CKD development than patients who underwent OPN with ≥3 predisposing atheroembolic risk factors.
Introduction
Globally, health screening systems and the widespread use of improved diagnostic imaging tools have improved the detection of early-stage small renal cell carcinoma (RCC) (1); partial nephrectomy (PN) has been the first choice of surgery rather than radical nephrectomy for localized RCC, with the aim of preserving renal function as much as possible (2) , especially in patients with T1-stage RCC. Recent studies on PN have focused on postoperative renal functional recovery including the prevention of chronic kidney disease (CKD; estimated glomerular filtration rate [eGFR] < 60 ml/min/ 1.73 m 2 ) in view of long-term quality of life (3, 4) , as the postoperative development of impaired renal function has been related to the non-cancer specific mortality in patients who have undergone nephrectomy. Studies have reported many factors that influence the preservation of renal function, which include the operative technique during PN such as clamping method and ischemic time, diabetes, hypertension, smoking, hypercholesterolemia, cardiovascular disease, male sex, age, obesity, resected volume of the affected kidney, tumor size and preoperative renal function (5) . However, it is difficult to predict the occurrence of CKD postoperatively because some factors have a different effect on the postoperative short-or long-term deterioration or recovery of renal function during follow-up in patients having multiple predisposing factors. It might be useful to stratify the factors into groups of patients at low, intermediate, and high risk of CKD development to define the postoperative follow-up protocol.
Among the various disease entities relating to renal functional deterioration, atheroembolic renal disease was first identified in 1957 (6) ; renal dysfunction is manifested in patients with atherosclerosis or those at severe risk of atherosclerosis after vascular procedures, such as angiography and vascular surgery similar to PN manipulation of the renal hilar vessels for the clamping method (7) . The atheroembolic risk criteria were created to prevent atheroembolic renal disease and renal functional deterioration and are comprised of multiple well-known risk factors such as diabetes, male sex, smoking and obesity (8) ; these are similar to the risk factors for renal functional deterioration in PN (5) . Therefore, in the present study, the number of risk factors based on the atheroembolic risk criteria were grouped as follows: 0-2 (low), 3-4 (intermediate) and 5-7 (high) . Other known factors related to CKD and operative parameters were evaluated together to determine the predictive risk factors of postoperative renal deterioration defined as CKD after PN in patients with T1-stage RCC. Additional sub-analysis was performed to evaluate the effect of the number of atheroembolic risk factors on CKD development between open PN (OPN) and laparoscopic PN (LPN).
Materials and methods

Ethical statement
The Institutional Review Board (IRB) of the Research Institute and Hospital National Cancer Center (IRB No. NCC2014-0193) approved this study. The IRB waived the need for written consent. All patient data were anonymized and de-identified prior to analysis. ), metastatic RCC, other metastases to the kidney, missing follow-up data, a follow-up of less than 1 year, or any preoperative history of kidney interventions or therapies were excluded. A total of 147 patients were finally included in the analysis.
Clinicopathological parameters, including intraoperative technical and preventive measures for renal injury, predisposing atheroembolic risks and preoperative laboratory findings, were reviewed retrospectively and used to determine the predictive factors of CKD after PN. The serum creatinine (Cr) level and Modification of Diet in Renal Disease (MDRD) eGFR (9) (8) . These risk factors based on the atheroembolic risks were grouped into low (0-2 risk factors), intermediate (3, 4) and high (5-7) risk groups.
Statistical analysis
The basic characteristics were compared between patients who underwent OPN and those who underwent LPN using the Student's t-test for continuous variables and the chi-square or Fisher's exact test for nominal variables. The comparison of the progression to CKD was assessed by using Kaplan-Meier analysis with the logrank test. The predictive risk factors for CKD development, including atheroembolic risk factors, intraoperative measures, preoperative laboratory and clinical parameters, and pathological parameters were evaluated using a Cox proportional hazard model. An additional multivariate Cox proportional model with backward selection (alpha = 0.05) was performed for the predictive factors of CKD among all baseline clinicopathological parameters including operative and laboratory parameters, in which all the atheroembolic risk factors were presented as the presence of atheroembolic risk <3 or ≥3. All statistical analyses were performed using STATA software (release 9.2, STATA Corp., College Station, TX). A P value of <0.05 was considered statistically significant.
Results
During a median follow-up of 42 months, the recurrence rate was 0.7% (n = 1), and the rate of postoperative CKD incidence was 11.6% (n = 17). The median age of the patients, male-to-female ratio, and median BMI were 51 (29-76) years, 109:38 (74.1%:25.9%), and 24.9 kg/m 2 , respectively. The median ischemic time was 23 min, and the mean number of atheroembolic risk factors was 2. The remaining patients' baseline clinicopathological characteristics are presented in Table 1 .
The characteristics of the OPN and LPN groups are presented in Table 2 . BMI, ASA classification, PADUA and RENAL total scores, resection margin and ischemic methods were significantly different between the two groups (P < 0.05; Table 2 ), while the other parameters were not significantly different between the groups. In a comparison of 17 patients with CKD and 130 patients without CKD, age, number of atheroembolic risk factors, rate of diabetes, rate of ASA group, and the last creatinine level and eGFR were significantly different (P < 0.05, Table 3 ).
Among those with advanced age, ASA, and diabetes in univariate analysis, the multivariate test for predictive factors for CKD development showed diabetes as the only significant risk factor (hazard ratio [HR] 0.203, 95% confidence interval [CI] 0.065-0.637, P = 006). Another model to analyze predictive factors of CKD development used multivariate analysis with backward selection (alpha = 0.05) and included all other baseline clinicopathological parameters relating to renal function including the presence of ≥3 atheroembolic risk factors in place of all factors in atheroembolic risk criteria. This analysis showed that only the presence of ≥3 atheroembolic risk factors remained significant (HR, 3.007; CI, 1.090-8.299; P = 0.031) ( Table 4) .
The Kaplan-Meier curve of CKD development also showed that the probability of CKD development significantly increased with the increase in the number of atheroembolic risk factors (P = 0.027; Fig. 1 ). Another CKD-free survival curve showed a significant difference in the development of CKD between OPN and LPN among patients with ≥3 atheroembolic risk factors (P = 0.027), whereas no significant difference was observed among patients with <3 atheroembolic risk factors (P = 0.468) (Fig. 2) .
Discussion
The improved surgical technique in small T1-stage localized RCC and prolonged life expectancy have prioritized PN as the first preference for standard treatment with its safety and oncological efficacy comparable to radical nephrectomy (2) . A strong association has been shown between renal functional decline and the surgical treatment of small renal masses; therefore, clinicians are now focused on both a curative outcome and renal functional preservation in smallsized RCC. As low eGFR and CKD can lead to significant morbidity and mortality, various factors that influence the recovery of renal function after PN have been investigated. These factors include diabetes, hypertension, hypercholesterolemia, male sex, old age, smoking, BMI ≥30 kg/m 2 , history of any type of atherosclerotic vascular disease, use of anti-thrombolytic medication, remnant renal volume and intraoperative measures such as a simple enucleation procedure, ischemia type and duration (12) (13) (14) (15) (16) . Several challenges are associated with the PN technique, including the anatomy of renal masses, the presence of a pseudocapsule, the possibility of non-clear cell histology, and patients' underlying predisposing factors. In light of this, a previous study found that the key factors associated with improved long-term renal function after PN were ischemia type and duration, the amount of healthy renal preservation, and baseline renal function (16) (17) (18) (19) .
Besides the predisposing factors, it is important to dissect the renal hilum and expose the renal vessels before using the ischemic clamping technique to obtain a clear view of the dissection path with clear surgical margins and better closure and thus bleeding control during PN. Clinicians frequently encounter atherosclerotic renal hilar vessels, especially in elderly patients, severely obese patients, and patients with multiple underlying cardiovascular diseases. The clamping technique and manipulation of the renal vessels might cause dispersal of atherosclerotic plaques into the small and medium end-arterioles of the affected kidney after unclamping the renal hilum in the ischemic method of PN, which might result in an atheroembolic event of ischemic infarction and deterioration of renal function. During the intraoperative ischemic technique and manipulation of the atherosclerotic renal hilum, there is a possibility of dislodging the atherosclerotic plaque into the renal arteries and arterioles, which can result in renal function deterioration (20, 21) . Therefore, atheroembolic risk factors might influence the postoperative renal function in patients undergoing PN.
The risk factors of atheroembolic renal disease used in this study were based on the diagnostic criteria of atheroembolic renal disease and have been shown to be important determining factors of renal function (22) . In the present study, on multivariate analysis, only the presence of ≥3 atheroembolic risk factors could predict CKD development among all the assessed factors (Table 4 ). It was speculated that resection of a small parenchymal tumor (median volume of 2.4 cm), good performance in most patients (ASA 0-1, 95.9% and ECOG 0-1, 98.7%) without predisposing CKD, and a tolerable short ischemic time (23 min) might not influence postoperative renal functional loss in the presence of insignificant risk factors other than diabetes. However, with the accumulation of atheroembolic risk factors, the CKD-free survival curves showed significant differences of CKD development according to the low-, intermediate-and highrisk groups (Fig. 1) , and further CKD-free survival curve analysis in consideration of operative technique of open or laparoscopy showed significant differences, especially in patients with ≥3 atheroembolic risk factors (Fig. 2 ). An additional subgroup analysis of the 41 patients with ≥3 atheroembolic risk factors was performed to determine the predictive risk factors for postoperative CKD development. A univariate comparison analysis between the CKD and non-CKD groups showed that diabetes was the only significant factor remaining for CKD development with an odds ratio of 9.762 (P = 0.002, data not shown). The Kaplan-Meier comparison curve of CKD-free survival showed that patients without diabetes (N = 25 [61.0%], 71.9 months) had a significantly lower prevalence of CKD after PN than patients with diabetes (N = 16 [39%], 32.0 months) (P = 0.001, Supplementary Figure 1 ). This showed that diabetes was also an important factor among high-risk patients with ≥3 atheroembolic risk factors for postoperative CKD development.
It is unclear whether an atheroembolism developed in the PN cases, as renal parenchymal biopsies did not confirm this condition, and no clinical signs were investigated postoperatively during the hospital stay (7, 23, 24) . However, this study is clinically significant because it showed that an increase in the number of atheroembolic risk factors was associated with an increase in the risk of CKD development after PN. Therefore, in patients who underwent PN with 3 or more atheroembolic risk factors, the urologist should closely monitor renal function with a cooperative team of nephrologists and cardiologists during the postoperative follow-up (22, 25) . A previous Korean study on PN showed that the presence of atheroembolic risk factors negatively influenced postoperative recovery of renal function after PN in patients with localized RCC and that the deterioration of renal function after PN was greater in patients with >5 atheroembolic risk factors than in those with <5 risk factors (21) . These findings are partly consistent with our findings.
Regarding the aforementioned operative technique, among patients with ≥3 atheroembolic risk factors, the laparoscopic method was associated with a lower incidence of CKD during follow-up after PN, although most baseline demographics, except for BMI, ASA classification and tumor complexity scores, were not significantly different between OPN and LPN. The lower prevalence of CKD in LPN was because laparoscopy required less manipulation of the kidney and renal hilar vessels and thus caused less vascular injury than OPN. In addition, cases with small tumors and good operative positions for short-term warm ischemia were more Lastly, previous meta-analytic reports of morbidity-mortality risk hazards showed that the presence of diabetes increased the risk of renal disease (27) . The reports suggested that target values of glycated hemoglobin (HbA1c) 6.5-7% appeared safe and beneficial and that a reduction in HbA1c, as well as systolic BP, resulted in a significant relative risk reduction of renal events, cardiovascular death, and all-cause mortality (28) . In this study, among the 19 diabetic patients, the three subgroups of HbA1c showed significant differences in CKD-free survival (<7% [median value not reached] vs. 7-9% [4 months] vs. >9% [2 months], P = 0.004, Supplementary  Figure 2 ). This suggested that diabetic patients with preoperative HbA1c ≥7% should be more carefully monitored during postoperative follow-up.
However, it was interesting that diabetes (HR 0.203, CI 0.065-0.637) was the only significant risk factor for prevention of CKD development, which is different from its previously known roles in renal function (29, 30) . The reason for this difference was that the 19 diabetic patients who had undergone PN had consulted with a nephrologist and endourologist more frequently than others who were thoroughly managed medically to prevent CKD in smallsized T1-stage RCC. This implies the importance of cooperation with endonephrocardiologists during the postoperative follow-up in patients undergoing kidney surgery.
The present study has some limitations. This was a retrospective study with a small number of cases and different follow-up durations, which might have resulted in bias. Further large-scale prospective studies with a long follow-up duration should be planned to evaluate the influence of the operative method of PN including a simple enucleation procedure in patients with localized RCC according to the atheroembolic risks associated with renal functional recovery. Additionally, in future studies, atheroembolic renal disease should be carefully diagnosed with biopsies and clinical signs postoperatively. Other factors that might influence the recovery of renal function, such as biochemical parameters, medications, and nutritional status, should be assessed in further studies. Finally, an accurate tool for assessing renal function should be developed.
Conclusion
The study suggested that patients with T1-stage RCC having ≥3 preoperative atheroembolic risk factors might have a higher risk of developing CKD. These patients would be recommended to undergo LPN rather than OPN with close follow-up by the nephrologist recommended to prevent postoperative CKD. The predictors of atheroembolic risk should be validated with preventive measures to evaluate the prevention of CKD development in future large-scale prospective studies.
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